Brain development during late childhood and adolescence is characterized by decreases in gray matter (GM) and increases in white matter (WM) and ventricular volume. The dynamic nature of development across different structures is, however, not well understood, and the present magnetic resonance imaging study took advantage of a whole-brain segmentation approach to describe the developmental trajectories of 16 neuroanatomical volumes in the same sample of children, adolescents, and young adults (n ϭ 171; range, 8 -30 years). The cerebral cortex, cerebral WM, caudate, putamen, pallidum, accumbens area, hippocampus, amygdala, thalamus, brainstem, cerebellar GM, cerebellar WM, lateral ventricles, inferior lateral ventricles, third ventricle, and fourth ventricle were studied. The cerebral cortex was further analyzed in terms of lobar thickness and surface area. The results revealed substantial heterogeneity in developmental trajectories. GM decreased nonlinearly in the cerebral cortex and linearly in the caudate, putamen, pallidum, accumbens, and cerebellar GM, whereas the amygdala and hippocampus showed slight, nonlinear increases in GM volume. WM increased nonlinearly in both the cerebrum and cerebellum, with an earlier maturation in cerebellar WM. In addition to similarities in developmental trajectories within subcortical regions, our results also point to differences between structures within the same regions: among the basal ganglia, the caudate showed a weaker relationship with age than the putamen and pallidum, and in the cerebellum, differences were found between GM and WM development. These results emphasize the importance of studying a wide range of structural variables in the same sample, for a broader understanding of brain developmental principles.
Introduction
Subcortical structures are important in developmental disorders (Krain and Castellanos, 2006) , and we need a better understanding of the dynamics of differential subcortical brain development. However, few magnetic resonance imaging (MRI) studies cover normal brain development in multiple subcortical regions in childhood and adolescence. The aim of the present study was to describe and compare the developmental trajectories of several subcortical structures in the same sample of participants, thereby shedding light on the dynamic interplay between different brain structures in development.
It is generally acknowledged that gray matter (GM) volume increases in early childhood and decreases during adolescence (Jernigan et al., 1991; Reiss et al., 1996; Giedd et al., 1999; Sowell et al., 1999 Sowell et al., , 2002 Lenroot et al., 2007; Wilke et al., 2007; Shaw et al., 2008) . This may, in part, reflect early synaptic arborization and later pruning (Huttenlocher, 1990) . Results indicate that subcortical GM structures show differential developmental trajectories (Giedd et al., 1996b; Sowell et al., 2002; Toga et al., 2006) . Because most studies have quantified only one or a few structures, the relative development of the subcortical structures is still unclear, however. For instance, different emphasis has been put on either the caudate or lenticular nuclei in development in various reports, sometimes because of methodological constraints (Jernigan et al., 1991; Giedd et al., 1996a; Sowell et al., 1999 Sowell et al., , 2002 Wilke et al., 2007) . There has been some focus on structural development of the cerebellum (Sowell et al., 2002; Liu et al., 2003; Mackie et al., 2007) and accumbens (Sowell et al., 2002) , but cerebellar development is still not characterized in terms of separate WM and GM development. Furthermore, there is a need for a broader understanding of the development of hippocampus and amygdala, as these structures often appear to increase during development, although discrepancies exist (Giedd et al., 1996b; Sowell et al., 2002; Gogtay et al., 2006; Toga et al., 2006; Guo et al., 2007) . It is not clear how this is to be understood within a (proposed) framework of arborization/ pruning as general principles of GM development. White matter (WM) volume has been shown to increase, often linearly, probably driven by increased myelination during adolescence and early adulthood (Reiss et al., 1996; Giedd et al., 1999; Sowell et al., 2002; Lenroot et al., 2007) . However, developmental trajectories for WM in the cerebrum versus cerebellum have not been compared.
In the current study, maturational changes were described and compared across volume estimates for the caudate, putamen, pallidum, accumbens area, amygdala, hippocampus, thalamus, cerebellar cortex and WM, brainstem, cerebral cortex and WM, and ventricles (lateral ventricles, inferior lateral ventricles, third ventricle, fourth ventricle), along with volume, thickness, and surface area estimates of the cortical lobes. Especially, it was investigated how subcortical structures develop compared with the cerebral cortex, how the basal ganglia/striatal structures compare in development, how the amygdala and hippocampus develop, and how cerebellar development can be described in terms of separate GM and WM volume.
Materials and Methods
Sample. One hundred seventy-one children and young adults (87 females and 84 males) were included. The age and sex distributions are shown in Table 1. Pearson's 2 test revealed no differences in gender distribution for the age groups shown in Table 1 (Pearson's 2 ϭ 0.870; p ϭ 0.93). Children and adolescents between 8 and 19 years of age were recruited through newspaper advertisements, and local schools and workplaces. Adult participants were recruited through newspaper advertisements and among university students. The project was approved by the Regional Ethical Committee of South Norway. Written informed consent was obtained from all participants from 12 years of age and from the parent/guardian for participants Ͻ18 years. Oral informed consent was given by participants Ͻ12 years of age. Participants had no self-or parent-reported history of neurological or psychiatric disorders, chronic illness, premature birth, learning disabilities, or use of medicines known to affect nervous system functioning. They were required to be right handed, as reported in a structured interview (performed with participants Ն12 years and with parents of participants aged 8 -19), to speak Norwegian fluently, to have normal or corrected-to-normal hearing and vision, and to have no MRI contraindications. Participants were tested using the WASI (Wechsler Abbreviated Scale of Intelligence) (Wechsler, 1999) , and all participants scored above 80 on full-scale intelligence quotient [IQ; M (mean), 110.27; SD, 9.96]. There was no difference in IQ between males (M, 111.8; SD, 10.5) and females (M, 109.2; SD, 9.2; t (168) ϭ Ϫ1.697; p ϭ 0.10). Among the 176 children and adolescents who met inclusion criteria, 4 had no useable MRI scans because of movement artifacts. All participants' scans were examined by a neuroradiologist, which led to the exclusion of one additional participant, reducing the total number of participants to 171.
MRI acquisition and analysis. Imaging data were collected using a 12-channel head coil on a 1.5 tesla Siemens Avanto scanner (Siemens Medical Solutions). The pulse sequences used for the morphometric analyses were two three-dimensional, T1-weighted [magnetization prepared rapid gradient echo (MP-RAGE)] scans, with the following parameters: repetition time, 2400 ms; echo time, 3.61 ms; inversion time, 1000 ms; flip angle, 8°; matrix, 192 ϫ 192; field of view, 192 . Each scan took 7 min, 42 s. Each volume consisted of 160 sagittal slices with voxel sizes of 1.25 ϫ 1.25 ϫ 1.20 mm. Each MP-RAGE was visually inspected, and only scans deemed to have no or minimal movement artifacts were included in analyses. The two MP-RAGEs were averaged to increase the signal-tonoise-ratio. Where there were problems achieving two high-quality scans attributable to motion artifacts, etc., only one scan was used in the analysis. This was the case for 15.2% of the participants, of whom most (73%) were Ͻ12 years of age.
All datasets were processed and analyzed at the Neuroimaging Analysis Lab, Center for the Study of Human Cognition, University of Oslo, with additional use of computing resources from the Titan High Performance Computing facilities (http://hpc.uio.no/index.php/Titan) at the University of Oslo. Volumes of the caudate, putamen, pallidum, accumbens, thalamus, hippocampus, amygdala, cerebellum cortex, cerebellum WM, ventricles, and total cerebral WM were calculated using FreeSurfer 4.0.5. (http://surfer.nmr.mgh.harvard.edu/fswiki). The automated segmentation procedure was described previously and automatically assigns a neuroanatomical label to each voxel in a MR volume based on probabilistic information automatically estimated from a manually labeled training set. The segmentation puts constraints on allowable locations of structures in relation to each other based on the training set (e.g., hippocampus is never anterior to amygdala). The automated segmentations have been found to be statistically indistinguishable from manual labeling , and correlations between FreeSurfer segmentation and manual labeling of hippocampal volume reached 0.85 in a study by Tae et al. (2008) . Reproducibility errors between scan sessions have been shown to be up to 2.3% in young adults, with higher error estimates for the smallest structures (Jovicich et al., 2009 ). The segmentations were visually inspected for accuracy, and none were discarded. The segmentation is exemplified in Figures 1 and 2 . As can be seen in Figure 2 , the ventricles are only partly segmented, particularly the third ventricle and the inferior lateral ventricle. This should be kept in mind when considering the results. Although the brainstem is not segmented further into separate WM and GM volumes, it is considered together with WM volumes in this study.
Cortical volume, thickness, and area. Regional cortical thickness was estimated using FreeSurfer 4.1 (http://surfer.nmr.mgh.harvard.edu/ fswiki) by means of an automated surface reconstruction procedure described previously (Dale et al., 1999; Fischl et al., 1999a Fischl et al., ,b, 2001 Fischl and Dale, 2000; Segonne et al., 2004) . Briefly, a representation of the GM/WM boundary was reconstructed (Dale et al., 1999) , using intensity and continuity information from the entire MR volume in segmentation and deformation procedures. Minor manual editing of vessels and dura was routinely performed, according to FreeSurfer guidelines (see http://surfer.nmr.mgh.harvard.edu/fswiki). The cortical surface was automatically parcellated based on (1) the probability of each label at each location in a surface-based atlas space, based on a manually parcellated training set; (2) local curvature information; and (3) contextual information, encoding spatial neighborhood relationships between labels (conditional probability distributions derived from the manual training set) resulting in 33 neuroanatomical regions Desikan et al., 2006) . All resulting labels were manually inspected for accuracy. The results of these regional analyses of the 33 parcels were presented previously (Tamnes et al., 2009) . In the present study, the mean lobar thickness (frontal, parietal, temporal, and occipital lobe) is reported, based on bilateral combinations of parcels, as well as total cortical mean thickness. The surface-based analysis also yielded estimates of the regional cortical (pial) area of each of the 33 parcels, which in turn were combined into a bilateral lobar area (frontal, parietal, temporal, and occipital) and a total cortical area. Cortical volume was calculated by multiplying cortical surface area with mean cortical thickness. Parcels were combined into bilateral lobar volumes. The surface-based (thickness) analyses have been shown to be comparable to postmortem pathological analyses, with agreement between pathological measurements and automated thickness estimation within 0.20 mm (Rosas et al., 2002) . Test-retest variability in cortical thickness measurements across weeks and across scanner platforms has been shown to be within 0.20 mm in most of the cerebral cortex (Han et al., 2006) , and correlations between cortical thickness and cognitive performance were shown by Dickerson et al. (2008) to be comparable across scan sessions, scanner platforms, and field strengths.
Total brain volume (TBV) was calculated based on all GM and WM volumes and ventricular volumes. Statistical analysis. Regression analyses were performed on three sets of volumetric variables: raw volumes, residual volumes after correcting for TBV (the sum of all 16 brain and ventricular volumes) by regression analyses, and proportional volumes of TBV. The choice of these types of variables is based on the assumption that each measure may be useful in its particular way, elucidating different aspects of development. On the one hand, the actual increase and decrease in each volume needs to be taken into account, and hence the raw volumes were analyzed and displayed in regression plots (see Table 3 and supplemental Fig. 1 , available at www.jneurosci.org as supplemental material). On the other hand, there is substantial individual variance in brain size, which is bound to affect individual brain volumes both within and across age groups. This variance is, among other things, related to physical parameters such as height (Peters et al., 1998) and sex (Giedd et al., 1997; Sowell et al., 2007) , which may create noise in the data that can obscure the unique effects of age. Several approaches to correcting for individual differences in brain volumes exist, including correcting for intracranial volume (ICV) (Walhovd et al., 2005 ) and TBV, with or without ventricles (Sowell et al., 2002; Wilke et al., 2007) . Since ICV correlated positively with age in our sample (r ϭ 0.37; p Ͻ 0.001), correcting for this variable would also take out some of the effects of age. TBV did not correlate significantly with age (r ϭ Ϫ0.09; p ϭ 0.26), thus being better suited to control for individual differences without removing the effect of age. Brain development is characterized by a complex interplay between regressive and progressive events, and this should be taken into consideration in the interpretation of TBV-corrected results. How each volume relates to the rest of the brain throughout development may be conceptualized as each volume's proportion of the TBV (Jernigan et al., 1991; Sowell et al., 2002) , and hence this measure was also used in the analyses. Cortical thickness and surface area variables were analyzed without TBV correction, as thickness analyses are often done without such correction (Sowell et al., 2004; Shaw et al., 2008; Tamnes et al., 2009 ), and we wanted to be able to compare thickness and surface area as aspects of cortical development. The matter of correction in the case of surface area is less straight forward, though (Panizzon et al., 2009 ). Regression analyses were performed with all measures separately as criterion variables and age as the predictor variable. The analyses were repeated with age 2 as an additional predictor to assess possible quadratic components, and again with age 3 as a third predictor, to assess possible cubic components. Regression analyses were then performed with all measures separately as the criterion variable and TBV, age, and (where the previous analyses had shown a nonlinear component) age 2 as the simultaneous predictor variables, to show the relative contributions of each variable on the brain volumes. For volumes in which age 2 gave a significant contribution, exponential curves were calculated. The data points were fitted iteratively to exponential functions of the form f(x) ϭ b 1 ϩ b 2 ϫ e (Ϫage/t ) , where b 1 is the estimated value at the asymptote, b 2 is the difference between b 1 and the estimated value of x at age zero, and t is a time constant reflecting rate of development. The effect size of each exponential curve fit is indicated by R 2 . For both the exponential and linear fits, absolute and relative change in volume from 8 to 30 years was calculated. The relative change of nonlinearly developing volumes was calculated from the exponential function. As correlations between the different brain structures were expected, Bonferroni corrections for multiple comparisons should be considered overly conservative. Still, Bonferroni-corrected results are also reported, with a p value threshold of 0.003 in the volumetric analysis (based on 16 volumes) and a threshold of 0.006 in the regional cortical analyses (based on four lobes ϫ two variables, thickness and surface area, whereas total cortical volume is Bonferroni corrected in the volumetric analysis and the regional volumes are dependent on the thickness and surface areas). Within designated regions, the differences in relationships with age were tested statistically using t tests of Fisher's z-transformed correlations. This was done to statistically compare age trajectories where it was deemed theoretically and statistically appropriate. Two regions were selected for this analysis based on proximity and apparent similarities in trajectories: the basal ganglia (caudate, putamen, and pallidum) and the medial temporal lobe subcortical structures (hippocampus and amygdala).
Results
Descriptive analyses ANOVA with 13 bilateral brain volumes and two hemispheres as within-subjects factors and age as the between-subject factor showed no significant hemisphere ϫ age interaction effects (F (124,46) ϭ 1.104; p ϭ 0.36). This analysis was repeated for four bilateral regional (cortical lobe) variables, yielding no significant hemisphere ϫ age interaction effects for volume (F (124,46) ϭ 0.885; p ϭ 0.706), thickness (F (124,46) ϭ 1.269; p ϭ 0.179), or surface area (F (124,46) ϭ 1.092; p ϭ 0.375) . Thus, the sum of rightand left-hemisphere volumes was used in all analyses. As expected, males had larger TBVs than females as evidenced by an independent-samples t test (males: 1,290,900 mm 3 ; SD, 87,897; females: 1,152,300 mm 3 ; SD, 80,731; t (169) ϭ Ϫ10.75; p ϭ 0.0001). Also, as can be seen from Table 2, the variance was high within the age groups. Analysis of covariance with 16 TBVcorrected brain volumes as the within-subjects factor, sex as the between-subjects factor, and age as a covariate showed no sex ϫ age interaction effects (F (22,23) ϭ 0.68; p ϭ 0.82) or sex ϫ age ϫ structure effects (F (182.737,191 .043) ϭ 1.141; p ϭ 0.183). This analysis was also performed with the regional cortical variables, revealing no significant sex ϫ age effects in thickness (F (22,23) There may still be sex effects of interest in select structures. However, since no interaction effect of sex and age was shown in this overall analysis, and sex is not the primary focus of the present study, additional analyses were performed on males and females together.
Relationships between age and brain volumes
The volume for each brain structure in each of five age groups is displayed in Table 2 . The volume, thickness, and surface area of each cortical lobe and total cerebral cortex are displayed in supplemental Table 1 (available at www.jneurosci.org as supplemental material). The results of the regression analyses with subcortical brain volumes are shown in Tables 3 and 4, whereas  Table 5 shows the results of the regression analyses with cortical variables (volume, thickness, and surface area). In the raw volume analyses, all GM volumes, except hippocampus, amygdala, and thalamus, showed a negative relationship with age ( p Ͻ 0.05). Amygdala and hippocampus showed a slight positive relationship with age, but only the amygdala increase was significant. The cerebral cortex was the only GM structure that showed a curvilinear relationship with age. This pattern was seen in the parietal and occipital lobe volumes in the regional cortical analysis, whereas the frontal and temporal lobes were best described by linear age relationships. In the cortical thickness analysis, the frontal, parietal, and occipital lobes showed quadratic age relationships, and the temporal lobe showed a linear age relationship. All lobar surface areas showed statistically significant age relationships, and the parietal lobe surface area also showed a quadratic relationship with age ( p Ͻ 0.05). All WM volumes (cerebral WM, cerebellar WM, brainstem) showed a quadratic relationship with age ( p Ͻ 0.05). The lateral ventricles increased linearly with age, whereas the inferior lateral ventricles and the third and fourth ventricles showed no significant relationship with age. With Bonferroni corrections, the amygdala and caudate age relationships no longer reached significance in the volumetric analysis, whereas the additional contribution of age 2 to the explained variance in the parietal surface area disappeared. When introducing age 3 as a third regressor, an additional unique variance ( p Ͻ 0.05) was explained in only one structure, the pallidum, for which R 2 increased from 0.10 to 0.13 ( p ϭ 0.02) (not displayed in the tables). The regression plots for the raw volumes aredisplayedinsupplementalFigure1(availableatwww.jneurosci. org as supplemental material). The regression plots for the regional cortical variables (thickness and surface area) are displayed in Figure 3 .
When the analyses were repeated with the TBV-corrected volumes as the dependent variables (Tables 4, 5), the finding that most GM volumes decreased with age while the WM volumes increased was replicated. However, hippocampus showed a significant positive relationship with age, and both the hippocampus and the amygdala showed a nonlinear increase in volume. The regional cortical analysis revealed statistically significant contributions of age 2 in all four cortical lobes. As in the analyses with the raw volumes, an additional unique variance ( p Ͻ 0.05) was explained in only the pallidum when introducing age 3 as a third regressor, with R 2 increasing from 0.11 to 0.13 ( p ϭ 0.048) (not displayed in the tables). The amount of variance explained by age tended to increase for the cerebral cortex and WM, cerebellum WM, brainstem, amygdala, putamen, lateral ventricles, and hippocampus when TBV-corrected volumes were analyzed compared with the raw volumes. When the results were Bonferroni corrected, the TBV-corrected caudate age relationship no longer reached statistical significance, and the contribution of age 2 to hippocampus, amygdala, and temporal lobe also disappeared, as did the cubic component in the regression with pallidum. Regression analyses were also performed with TBV, age, and age 2 in the model, to enable evaluation of these separate components, and the results are shown supplemental Table 2 (available at www.jneurosci.org as supplemental material). Generally, TBV showed a profound effect on individual brain variables. The TBV-corrected cerebral cortex (frontal and parietal lobes more than temporal and occipital lobes), cerebral WM, brainstem, cerebellar WM, and amygdala showed the greatest impact of age in terms of explained variance, whereas the hippocampus, the cerebellum cortex, and the caudate showed the least impact of age in this analysis. The regression plots for TBVcorrected GM and WM volumes and ventricles are displayed in Figures 1 and 2 . The regression plots for the TBV-corrected regional cortical volumes are displayed in Figure 3 .
The results of the regression analyses with proportional volumes of TBV are displayed in supplemental Table 3 (available at www.jneurosci.org as supplemental material), and the results primarily mirrored the results of the regressions with the standardized residuals after correcting for TBV. Additional analyses were therefore not performed with the proportional measures as dependent variables. The regression plots for proportional volumes are shown in supplemental Figure 2 (available at www. jneurosci.org as supplemental material).
Characteristics of the rate of change of nonlinearly developing structures
When age 2 was a significant predictor independent of age, nonlinear regression analyses were run. Relative differential nonlinear trajectories were found for the cerebral cortex, cerebral WM, brainstem, and cerebellum WM in the raw volume analyses, and additionally for the amygdala and hippocampus in the analysis with the TBV-corrected volumes. The time constant values are shown in Table 6 . Cerebellar WM, amygdala, and hippocampus appeared to undergo a relatively rapid change early in the studied age span, whereas the cerebral WM, cerebral cortex, and brainstem showed less steep changes in the earliest part of the age span. Within the cerebral cortex, the frontal and temporal lobes appeared to approach the peak in volume reduction later than the parietal and occipital lobes, as seen in Table 7 . Time constant estimates were derived from the exponential fitting analysis of frontal, parietal, and occipital thickness, showing earlier thinning in the occipital lobes. Only the parietal lobe surface area showed a nonlinear age relationship, making it difficult to compare the time constant estimate with the trajectories of the remaining lobar areas.
Estimated percentage change
From the raw volumes, percentage change from 8 to 30 years was estimated, and the results are shown in Table 6 . For the structures with nonlinear age relationships, the nonlinear analysis equation was used to estimate the percentage change. The lateral ventricular volume changed the most, with a near 100% increase during this age range. Also, the WM volumes (in cerebrum, cerebellum, and brainstem) showed high percentage increases in volume. As can be seen in Figure 3 , the cerebral cortex, followed by the putamen, accumbens, and pallidum, showed the greatest percentage decrease, whereas the amygdala, hippocampus, and thalamus were the structures that appeared to change the least from 8 to 30 years of age. Within the cerebral cortex, thickness changed by 8.3-19.4%, with the greatest change in parietal and occipital lobes. Surface area changed by 7.0 -20.9%, with the greatest change observed in the frontal lobes, whereas lobar volumes changed 15.0 -28.5%, with the greatest change observed in parietal lobes, as seen in Table 7 .
Differential age relationships within subcortical regions
To explore whether differential age relationships between adjacent subcortical structures can be observed, statistical comparisons were made within the basal ganglia and within the temporal lobe subcortical structures. Within the basal ganglia, the putamen showed a stronger relationship with age than the caudate (TBV-corrected volumes), as there was a significant difference between the age correlations of Ϫ0.19 for the caudate and Ϫ0.40 for the putamen (t (168) ϭ 2.37; p Ͻ 0.05).
The difference in age correlations between the caudate and the pallidum (Ϫ0.31) was not significant (t (168) ϭ 1.56; p Ͼ 0.05).
There was no significant difference between the age correlation of 0.26 for the hippocampus and 0.36 for the amygdala (t (168) ϭ 1.29; p Ͼ 0.05).
Discussion
The results of the present study confirmed the general notion that GM decreases while WM and lateral ventricular volumes increase during late childhood and adolescence (Jernigan et al., 1991; Giedd et al., 1996b Giedd et al., , 1999 Reiss et al., 1996; Sowell et al., 1999 Sowell et al., , 2002 Gogtay et al., 2004; Lenroot et al., 2007; Shaw et al., 2008) , while simultaneously pointing to important nuances in subcortical development. Volume reductions were not observed in all GM structures; there were no age effects on thalamic volume, and the hippocampus and amygdala showed volume increases. Overall, the results were characterized by substantial heterogeneity. Unless specified otherwise, the remainder of the discussion will deal with the results of the TBV-corrected analyses.
Heterogeneous age effects
The reduction in cortical volume was driven by both a reduction in thickness and a slight reduction in surface area, seen in all lobar regions. The cerebral cortex, and the cortical lobe volumes, differed from subcortical GM volumes by showing a stronger relationship with age (37-77% vs 4 -16% explained variance of age; 15-28.5% vs 3-13% change from 8 to 30 years) and by showing a nonlinear relationship with age, whereas linear age relationships were found in most subcortical structures. Proportionally stronger age effects in frontal cortical GM compared with subcortical structures have also been reported by Sowell et al. (2002) . Lobar cortical thickness was characterized by strong age effects but less percentage change than cortical volumes [see Tamnes et al. (2009) for voxel-wise and regional thickness analyses]. Cortical surface area showed less developmental effects, comparable to effects seen for subcortical raw and TBVcorrected volumes. Differential properties of thickness and surface area have also been pointed out by Panizzon et al. (2009) using an adult sample. WM volumes changed more than cortical and subcortical GM, which is in line with previous literature (Sowell et al., 2002) , up to 27%. All WM volumes showed decelerating nonlinear increases during development. However, different rates of development were revealed by looking at the time constants from the nonlinear regression analyses. The increase in WM volume of the brainstem and cerebellum approached the asymptote earlier than what was the case for cerebral WM. (Ϫage/t) , where b 1 is the estimated value at the asymptote and b 2 is the difference between the b 1 value and the estimated value at age zero. Lower values indicate a faster developmental course. When no value of t is presented, a linear fit best described the data, and R 2 is from the linear regression. Absolute and percentage change is calculated from the estimated mean values for 8 year olds and 30 year olds.
